Abstract
Introduction

36
Human induced nitrogen flow, mainly driven by the increasing needs for food 37 production, had a tremendous impact on the earth's biogeochemical cycles (Bouwman et al., contributed ~37% -61% of the total nitrogen input to the land surface (Bouwman et al., 2013) .
42
The manure production is expected to increase in the coming decades, due to the growing 
48
Growing application of manure nutrient has contributed to an increase in crop production, 49 and at the same time, has been identified as one of the major causes for a litany of environmental 50 problems which impinge on the land, aquatic ecosystem, and even the atmospheric composition 51 (Davidson and Kanter, 2014) . To maintain high yield, farmers tend to apply large amounts of 52 nitrogen fertilizer and organic manure, especially in the intensively crop-producing system. A 53 recent study revealed that only 38% of total reactive nitrogen input were finally transferred into 
72
To determine the status of unevenly distributed nitrogen at large scales, it is critical to 73 have a good understanding of the geographic distribution of nitrogen inputs from each key 74 sector. In spite of extensive studies in the development of nitrogen fertilizer data at both regional an exceptional opportunity to improve manure data upon earlier studies and extend our 98 knowledge of manure production over a century-long period. Thus, the major objective of this 99 study is to produce global gridded maps at 5-arc minute resolution in latitude by longitude of 100 manure nitrogen production since 1860. More specifically, we (1) estimate the magnitude, spatial 101 and temporal variation of manure nitrogen production, (2) quantify the relative contribution of 102 major livestock groups on the manure nitrogen production, (3) investigate the spatial and 
Method
106
Manure Nitrogen Production
107
To develop the gridded annual nitrogen production rate from manure during 1860-2014,
108
we used the dataset from GLIMS, which provided the information of the spatial distribution of each grid to estimate the amount of manure nitrogen production from 1860 to 1960 (Fig. 1) .
126
The development of the time-series nitrogen excretion rate from livestock is provided 127 below in more details. To distribute the yearly country-level livestock population from 
142
We calculated the gridded average nitrogen excretion rate.
Where ( , , ) indicated gridded average nitrogen excretion rates for livestock category j 144 from a specific country i in year k (Unit: kg N km -2 yr -1 ). We further developed the gridded map of the manure nitrogen applied to cropland and 147 rangeland at 5-arc min resolution based on manure management in three livestock production 148 systems, including rangeland-based systems, mixed rainfed farming system, and mixed irrigated as mixed rainfed farming systems, the percent change of livestock production system would be 186
145
Manure Nitrogen Applied to Cropland and Rangeland
proportional to the changes of the cropland area in that grid cell backward from 2006, and the 
198
We assumed if the grid cell was identified as smallholder for poultry and swine, the Fig. 2) . We referred to the total mass of nitrogen excreted by share, which was around 48.0% of the estimated global manure production (~61.9±0.9 Tg N yr -1 ),
227
followed by NM (~37.7%), SM (~13.9%), and NH contributed the least part of the global manure 228 nitrogen production (Fig. 4) . 
236
Despite an overall increasing trend in all the continents, changes in manure nitrogen 237 production showed highly spatial variability and revealed several hotspots over the globe due to 238 the imbalances of global economic development and population growth (Fig. 5) States, Mexico, India, and most areas in South America and Europe (Fig. 6) 
279
There were some spatial differences between the estimated manure nitrogen production by this Estimate from this study 
299
The nitrogen fertilizer use began to step into sights and altered the global nitrogen cycle since the 300 early 1960s. The fertilizer use has increased around 835% during the past six decades, with a 301 significant increasing trend of 1.8 Tg N yr -1 (EPI, 2016). The magnitude of nitrogen production 302 from manure was always higher than fertilizer consumption (Fig. 3) , despite only 16.9%~19.1% 
307
While acting as nitrogen input to soils, it was also a pathway for nitrogen leaving the systems since 308 manure was originated from cropland and/or rangeland, which provide feed for livestock. In some 309 countries the intensification of the livestock production systems was based on importing feed from 310 other places of the world, where the nutrients were extracted and exported far away from where 311 they were generated, which influence the imbalance of nitrogen status all over the world.
312
Previous studies suggested that manure nitrogen production is the single largest source of Second, we used one-phase static GLIMS to get the baseline map of livestock distribution, which 
Conclusion
365
The global nitrogen cycle has been remarkably altered by anthropogenic activities. Due
366
to the increasing demand of food production and alteration of diet structure, the livestock 367 population has increased dramatically and is expected to continue increasing in the future. In this 
